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Introduction 

Attached are Rice Solar Energy, LLC’s (RSE’s) responses to California Energy Commission 
(CEC) Staff data requests for the Rice Solar Energy Project (RSEP) (09-AFC-10). This 
document addresses the following data requests: 

 130 Well Drilling 

 139 Rice Valley Basin Recharge 

 140 Adjacent Groundwater Basins 

 141 Water Level Monitoring  

 143 Aquifer Characteristics 

 144 Basin Subsidence Monitoring 

for the Rice Solar Energy Project (RSEP) (09-AFC-10). The CEC Staff served the data requests 
on February 16, 2010, as part of the discovery process for the RSEP. RSE filed most of the 
responses to the remainder of the data requests on March 9, 2009, and required additional 
time to prepare these responses. 

Please note that the responses are presented in the same order as CEC Staff presented them 
and are keyed to the Data Request numbers. New or revised graphics or tables are 
numbered in reference to the Data Request number. For example, the first table used in 
response to Data Request 15 would be numbered Table DR15-1. The first figure used in 
response to Data Request 28 would be Figure DR28-1, and so on. 

Attachments submitted in support of a data request (supporting data, stand-alone 
documents such as plans) are found at the end of a discipline-specific section and are not 
sequentially page-numbered consistently with the remainder of the document, though they 
may have their own internal page numbering system. 
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Soil and Water Resources  

Well Drilling 
130. Please provide detailed information on the proposed well drilling, reconstruction (if 

necessary), development, and abandonment activities to be undertaken for the wells 
associated with the Rice Solar Energy Project including the following: 

a. Please be sure to include draft well completion diagrams as well as a site map showing 
existing and proposed well locations; and 

Response: Three wells currently exist on site, as presented in Table 1 and Figure 2 of the 
Rice Groundwater Resources Investigation Report (WorleyParsons, 2009; provided as AFC 
Appendix 5.15A and referred to herein as GRI Report). Rice #1 is completed in the upper 
alluvium and is not suitable as a source of water for the RSEP because of low yield and high 
total dissolved solids (TDS) in the groundwater. Rice #2 is completed in the lower alluvium 
and underlying Bouse Formation, and is currently unused. Rice #3 is noted by the 
U.S. Geological Survey (USGS) as being obstructed above the water surface.  

The GRI report proposes that two wells, Rice #2 and a new well, RS-1, are required to meet 
construction water demand and to provide full redundancy of the operating water supply. 
Because Rice #2 is screened in the lower alluvium and underlying Bouse Formation, 
modifications to this well are necessary. Rice #2 will be filled with cement grout to the base 
of the lower alluvium at a depth of approximately 810 feet below ground surface (bgs). 
Additionally, one new well, RS-1, will be drilled early in the construction phase to 
supplement Rice #2. This well will be constructed between 8 and 16 inches in diameter and 
screened in the lower alluvium from approximately 635 to 805 feet bgs. The final screened 
interval will be determined based on the results of a pilot boring that will be drilled at the 
proposed well location. The location of the proposed well is shown in Figure DR130-1 and 
the anticipated well construction details are included on the well schematic in 
Figure DR130-2.  

Regarding existing onsite wells Rice #1 and Rice #3, RSE proposes to use Rice #1 as a 
groundwater monitoring well during site operations, and to abandon (decommission) 
Rice #3. All well construction and abandonment operations at the site will be conducted in 
accordance with Riverside County Ordinance Number 682.3 (see Attachment DR130-1).  

b. Please provide documentation of consultation with Riverside County and describe how the 
wells will conform to County Ordinance No. 682 for the Construction, Reconstruction, 
Abandonment and Destruction of Wells. 

Response: Several telephone discussions have occurred between WorleyParsons personnel 
and County of Riverside Department of Environmental Health staff members Jackie Jones 
and Mark Abbott between July 2008 and November 2009 to discuss permit requirements, 
confirm fees, and address construction detail requirements. The most recent discussion 
occurred in November 2009 to discuss unknown geologic conditions and potential changes 
in the construction details due to the geologic conditions at the drill location(s). County of 
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Riverside staff confirmed that well construction details can be modified in the field at the 
time of construction due to these constraints; however, in accordance with Riverside County 
Ordinance Number 682.3, upon completion the well completion logs and final construction 
details and diagrams must be issued to the County for permit final release.  

A licensed and registered well drilling subcontractor will be engaged to construct, abandon 
and modify the wells in compliance with all requirements of County of Riverside Ordinance 
Number 682.3. Well Completion Records (California Department of Water Resources (DWR) 
Form 188) and lithologic logs will be filed by the project’s drilling subcontractor with the 
County and DWR in accordance with the project’s subcontractor agreements. 

As indicated previously, wells Rice #2, Rice #3, and RS-1 will be modified, constructed or 
abandoned in accordance with County of Riverside Ordinance Number 682.3, Section 10, 
DWR Bulletin NO 74-81 Chapter II Water Wells, and DWR Bulletin NO 74-90 (Supplement 
to DWR Bulletin 74-81).  

Rice Valley Basin Recharge 
139. Please provide more detailed or different analysis of Rice Valley basin recharge (or adjacent 

valleys if necessary) using methods such as Maxey-Eakin (1949) or modified methods such as 
Donovan and Katzer (2002). 

Response: In this part of California, almost all moisture from rain is lost through 
evaporation or evapotranspiration and runoff occurs principally during intense 
thunderstorms (RWQCB, 2006). Most recharge from precipitation occurs when runoff from 
the surrounding mountains exits bedrock canyons and flows across the coarse sediments 
deposited in the proximal portions of the alluvial fans that ring Rice Valley. To a lesser 
extent, recharge occurs from infrequent precipitation or runoff on the valley floor (DWR, 
2004). The area of the Rice Valley watershed encompasses Rice Valley (161,960 acres) and 
the surrounding bedrock mountains (40,814 acres), for a total area of approximately 202,774 
acres (Figure DR139-1). 

Estimates of recharge are typically variable and dependant on the approach used and the 
extent and quality of available data. Recharge estimates from precipitation can be derived 
using approaches such as water balance calculation, groundwater water flow modeling, 
chloride mass balance calculation, isotope mixing cell flow models, empirical water balance 
methods (e.g., Maxey-Eakin), and methods based on, or adjusted using, site-specific 
measurements, such as infiltration studies.  

For purposes of the RSEP GRI Report (AFC Appendix 5.15A), 500 acre-feet/year (AFY) was 
assumed to represent natural recharge in the Rice Valley Basin. This figure was proposed to 
represent mountain front recharge in the basin as it is the widely accepted value 
documented in a major study by the State of California Department of Water Resources, 
Bulletin No. 118 (DWR, 1975); however, the source of the estimate could not be 
independently verified during this study. Therefore, additional estimates are presented here 
for comparison and validation of the estimate used in the impact analysis presented in the 
GRI Report. The mountain front recharge estimate is assumed to be derived from all of the 
surrounding mountains, including those surrounding Big Wash. It is assumed that east of 
the interpreted 
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groundwater flow divide within Big Wash, mountain front recharge and discharge to the 
Colorado River cancel one another. Assuming that recharge is apportioned equally among 
the mountain fronts that encircle Rice Valley, this was assumed to effectively decrease 
mountain front recharge to the remainder of the basin from 500 AFY to 394 AFY.  

The Maxey-Eakin method and various derivations have been widely used for estimation of 
recharge in arid basins. This empirical method consists of the determination of precipitation 
zones considering orographic effects, and application of recharge rate coefficients to each 
zone based on empirical factors that may be regionally derived or adjusted to reflect local 
conditions. This method has been criticized as being unreliable because of the uncertainty in 
the derived recharge rate coefficients (Lerner, et al., 1990); however, a review of over 
60 recharge estimates in Nevada by Avon and Durbin (1992) indicated the method 
compared favorably with independent recharge estimates derived using other methods. 
Specifically, they found the standard deviation Maxey-Eakin recharge from values derived 
using independent estimates was not more than 4,800 AFY, and the standard deviation from 
values derived using modeling studies was not more than 4,100 AFY. Maurer and Berger et 
al. (2006) observed that application of the Maxey-Eakin method involves many uncertainties 
and has limitations, principally because it does not consider the location and mechanism of 
recharge within a basin. Davisson and Rose (2000) indicated that Maxey-Eakin estimates 
should be calibrated using the correct regional climatic data and local topographic 
conditions. They noted that areas in the Mojave Desert west of 116 degrees longitude 
generally have significantly less precipitation at higher elevations than areas that are located 
further to the east (such as the proposed project site). 

Donovan and Katzer (2000) developed a refined form of the Maxey-Eakin relation to 
estimate recharge volumes for the Las Vegas Valley using precipitation data from a 
localized network of high-elevation monitoring sites. To simulate this calculation, 
information is required about the saturated cross-sectional area. Limited well data exists to 
determine the depth to bedrock or information from historical reports to conclusively assess 
the recharge in Rice Valley using the Donovan and Katzer method. 

Based on the above information, calibration and adaptation of the data are necessary and 
important to achieving a meaningful recharge estimate using the Maxey-Eakin method in a 
particular basin within California. Because the information to derive meaningful recharge 
estimates using this method is not readily available, considerable study would be required 
to use a water balance approach to estimate recharge from precipitation, and even when 
complete, significant uncertainty would remain given the current state of knowledge of the 
basin. We have therefore used an empirical approach to estimate recharge, as described 
further below. 

For this study, recharge from precipitation was estimated by overlaying isohyetal maps 
prepared by Hely and Peck (1964) on the Rice Valley watershed boundaries and calculating 
the volume of average annual precipitation for each of six precipitation zones for the valley 
and bedrock portions of the watershed, as shown in Figure DR139-1. Recharge was then 
estimated as 2, 3, 5, and 10 percent of total incident precipitation and a reasonable lower 
bound recharge estimate was adopted. The area to the east of the interpreted groundwater 
flow divide within Big Wash was excluded from the calculation because this area drains to 
the Colorado River. The calculated average annual precipitation volume for the Rice Valley 
watershed is 77,250 acre feet based on an area-weighted average precipitation of 4.59 inches 
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and an area of 201,960 acres. For perspective, recharge for the Rice Valley Groundwater 
Basin estimated as a fraction of 2, 3, 5 and 10 percent of total incident precipitation (the 
approximate range of recent recharge estimates for other basins in the region) is calculated 
to be 1,545, 2,318, 3,862 and 7,725 AFY. 

Based on the above analysis, approximately 21.4 percent of precipitation in the watershed 
falls on the bedrock areas that ring the watershed. This is significant because precipitation 
that falls on the valley floor is not expected to contribute consistently to recharge. Studies 
published by USGS report that approximately 7 to 8 percent of precipitation falling on 
bedrock mountains in other arid basins goes to mountain front recharge (Carling, 2007). 
This would amount to approximately 1.5 percent of the total precipitation that falls on the 
Rice Valley watershed. In the absence of more detailed study, it is assumed that 1.5 percent 
of total precipitation falling on the Rice Valley watershed (1,160 AFY) represents a 
reasonable estimate of recharge to the groundwater basin. This is almost three times more 
than the published recharge estimate used in the GRI Report for evaluation of potential 
impacts to groundwater resources. This sufficiently illustrates that the impact analysis 
presented in the AFC is conservative, and further evaluation is not warranted. 

Adjacent Groundwater Basins 
140.  Please provide an analysis of impacts to the Rice Valley basin and users in adjacent 

groundwater basins based on any new estimates that may be developed from further analysis 
of basin recharge. 

Response: The direct potential effects of the RSEP on local water resources are those 
associated with using groundwater for construction (specifically for demands during site 
grading) and with the plant’s operational process water demand. Potential impacts on 
groundwater resources during construction and operation include drawdown-related 
impacts, depletion of water resources, and water quality impacts. The assumed recharge 
estimate apportioned to the mountain front in analysis of these impacts in the GRI Report 
was 394 AFY; however, the evaluation presented in response to Data Request #139 
illustrates this estimate may be overly conservative. Therefore, the impact analysis 
presented in the GRI Report and incorporated in the AFC does not require updating. 

As discussed in the GRI Report, projected offsite drawdown at the end of project 
construction is estimated to range from approximately 2 to 3 feet near the site boundary, 
and to decrease to less than 1 foot at a distance of 1 to 3 miles from the site. Projected 
drawdown after 5 to 30 years of pumping is approximately the same, and is estimated to be 
approximately 1 foot near the site boundary and decreasing farther away from the site. The 
similarity of drawdown after 5 and 30 years indicates that drawdown will stabilize 
relatively quickly after pumping begins. 

Pumping for the project is not expected to result in changes in recharge at the surrounding 
mountain fronts. Based on the recharge evaluation using the calculation method presented 
in the response to Data Request #139, and considering the impact analysis results from the 
pump testing and GRI Report as stated previously, the drawdown impacts do not increase 
by incorporating the 1,160 AFY groundwater basin recharge budget, but may decrease. 
Additionally, given that the basin has not been extensively developed and groundwater 
flow patterns are assumed to be in a long-term state, changes in underflow to adjacent 
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basins will remain the same. As such, the increased recharge calculation is not expected to 
result in significant changes to the assessment of impacts that was previously presented.  

Water Level Monitoring 
141.  Please discuss whether the applicant proposes to implement a water level monitoring 

program during project development and operation given the challenges in estimating basin 
recharge and safe yield of the groundwater basin. 

Response: Because the expected pumping rates are not likely to result in significant impact 
to recharge and the groundwater basin, a water level monitoring program will not be 
implemented. 

Aquifer Characteristics 
143. Please provide further analysis of aquifer characteristics, basin storage, and drawdown 

impacts that could result in significant subsidence. 

Response: Subsidence refers to the sinking or settling of land to a lower level (elevation) in 
response to various natural and other factors. Subsidence is known to occur in desert basins 
of the southwestern United States primarily resulting from lowering of aquifer fluid 
pressure or lowering of groundwater level. The overdraft of an aquifer system that allows 
for the uncompressed and collapsible sediments to bear the confining pressure of the 
overlying sediments and thus increase the effective stress on the sediments can cause 
non-recoverable reduction in the pore volume of the compacted aquitards, and a reduction 
in the total storage capacity of the aquifer system (Galloway et al., 1999).  

Almost all the subsiding areas in the southwestern United States, and even around the 
world, associated with lowering of the groundwater table are underlain by young 
(Quaternary) unconsolidated or semiconsolidated clastic sediments of high porosity laid 
down in alluvial, lacustrine, or shallow marine environments (Poland, 1984). Additionally, 
nearly all the areas susceptible to subsidence in the southwestern United States exhibit 
semiconfined or confined aquifers systems containing aquifers of sand and/or gravel of 
high permeability and low compressibility, interbedded with clayey aquitards of low 
vertical permeability and high compressibility under virgin stresses (Poland, 1984). Based 
on the existing geologic data from Rice Valley and comparison to other desert basins in the 
region exhibiting historical subsidence due to anthropogenic dewatering, it is likely that the 
Upper and Lower Alluvial aquifer systems would be susceptible to subsidence if the water 
table were to lower a considerable amount (i.e., on the order of tens of feet) (WorleyParsons, 
2009).  

A report prepared by DWR (2004) indicates that groundwater levels near the center of the 
Rice Valley basin have remained relatively stable between 1962 to 1983. Thus, there appears 
to be very little groundwater development or existing demand in Rice Valley 
(WorleyParsons, 2009; DWR, 1975). Groundwater recharge to the Rice Valley Groundwater 
Basin has been estimated to be approximately 500 AFY, of which 394 AFY occurs in the 
internally-drained portion of the basin where the site is located (DWR, 1975). Further 
evaluation presented in the response to Data Request #139 yielded a recharge estimate of 
1,160 AFY. The recharge mechanism is assumed to be primarily associated with mountain 
front recharge (DWR, 1975). Because analysis of drawdown impacts performed for the 
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project were based on the lower recharge estimate, the drawdown estimates presented in 
the GRI Report are likely conservative.  

Based on interpretation of boring logs at the RSEP site by WorleyParsons (2009), the 
sediments beneath the site consist of an upper unconfined aquifer within the Upper 
Alluvium to a depth of approximately 630 feet bgs, and a confined aquifer within Lower 
Alluvium between depths of 630 to 810 feet bgs. An approximately 30-foot-thick clay layer 
separates the Upper Alluvium unconfined aquifer and the Lower Alluvium confined 
aquifer. Pliocene-age Bouse Formation occurs below the base of the Lower Alluvium 
beneath a depth of approximately 810 bgs. The uppermost sedimentary member of the 
Bouse Formation consists of a 30-foot-thick clay layer. The strong TDS gradient between the 
upper and lower alluvial aquifers suggests that the lower confined aquifer is confined by a 
competent aquitard system, and that the two aquifers extend laterally a considerable 
distance across Rice Valley. Thus, the Lower Alluvial aquifer is confined between two clay 
layers that likely extend laterally across most of the Rice Valley at depth (WorleyParsons, 
2009). Project pumping is proposed within the confined Lower Alluvial aquifer 
(WorleyParsons, 2009). 

Based on the existing data, the potential for RSEP site subsidence associated with 
groundwater withdrawal is primarily a function of the drawdown of the water table during 
the development and lifetime of the project. WorleyParsons (2009) conducted a quantitative 
assessment of the anticipated drawdown during construction (first 27 months) and during 
30 years of operational pumping. The analysis included conservative assumptions regarding 
basin recharge (394 AFY) and behavior of the Lower Alluvial aquifer based on site-specific 
aquifer parameters derived from pump testing and observed behavior of regional desert 
basins in the southwestern United States. The analytical drawdown model for groundwater 
withdrawal within the Lower Alluvial aquifer provided maximum drawdown values near 
the RSEP site of approximately 2 feet (30 years of operation, see AFC Appendix 5.15A, 
Figure 7), and 4 feet (during 27 months of construction, AFC Appendix 5.15A, Figure 5). 
Note that water for construction will be supplied by two wells, and effect or simulating 
drawdown resulting from pumping of a single well during the impact analysis presented in 
the GRI Report would be to over-predict the resulting drawdown.  

Based on the existing data, some drawdown of the potentiometric surface within the Lower 
Alluvial confined aquifer is likely; however, for significant subsidence to occur, drawdown 
values would need to be an order of magnitude larger that what is anticipated. 
Table DR143-1 provides documented values of subsidence and its associated drop in the 
water table for similar desert basins in the southwestern United States. These values indicate 
that significant subsidence occurs when the water table lowers on the order of tens or 
hundreds of feet. The ratio of total subsidence related water table drop (S/WTD) 
normalized to a value of 1 provides a clear comparison value for the various other sites. For 
example, an S/WTD value of 1/100 indicates that for each 1 foot of vertical subsidence, the 
water table lowered by 100 feet. The average S/WTD for Table DR143-1 data equals 1/114. 
S/WTD values for the site using drawdown values of 2 and 4 feet and the average S/WTD 
of 114 from Table DR143-1 correlates to subsidence values of 0.2 and 0.4 inches associated 
with the project pumping. Predicted drawdown decreases rapidly away from the site, so 
significant drawdown is not anticipated in offsite areas, even if the actual S/WTD ratio were 
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higher. Based on this analysis and interpretation, the two proposed site wells will not result 
in significant subsidence.  

TABLE DR143-1  
General Subsidence and Water Table Drop Values for Basins in the Southwestern United States 

Location 
Subsidence  

(ft) 
Water Table Drop 

(ft) S/WTD Reference 

South Central Arizona  12.5 300 1/24 Carpenter, USGS-1999  

 0.6 300 1/500  

 5 200 1/40  

 18 300 1/17  

South Central Arizona- 
Tucson 

0.36 18.8 1/50 Carruth, Pool and 
Anderson, USGS-2007 

 0.27 42.5 1/160  

 0.2 41.6 1/216  

Antelope Valley California 
– Central Mojave 

4 150 1/38 Sneed and Galloway, 
USGS-2000 

Coachella Valley California 2.3 77 1/33 Sneed, Brandt et al, 
USGS-2007 

Las Vegas Nevada 5 300 1/60 Pavelko, Wood and 
Laczniak, USGS-2003 

Note: Ratio S/WTD represents Subsidence/Water Table Drop values. An S/WTD equal to 1/24 indicates that 
the land surface subsided vertically approximately 1 foot for a water table vertical drop of 24 feet. 

Basin Subsidence Monitoring 
144. Please discuss whether the applicant proposes to implement a monitoring program to 

evaluate whether project pumping is causing basin subsidence. 

Response: Based on the above discussion, monitoring for potential subsidence is 
unwarranted and a monitoring program is not proposed.  
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